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ABSTRACT 

The Tc~esccc  Valley Authority (TVA) has been 
selected for the Department of EncrgY‘6 (DOE’S) 
Clean Coal Tefbnology IV program to demonstrate 
micronid coal reburn technology for control of 
nitrogen oxide (NO3 emissions on a 175 MWe wall- 
fired steam generator at its Shawnee F d  Plant. As 
the technology of the MicroFud Department of Fulkr 
Power Corporation malrcd this demonstration feasible, 
TVA has selected them as the prime contractor for the 
project and partner in the wmmcrciakation of this 
teehnologv. Thir retrofit demonstration is expected to 
deerease NO. e m k i m  by 50 to 60 perffint. Up to 30 
percent of the total fuel fired in the furnace will be 
micronized mal injcded in the upper furnace creating 
a fuel-rich reburn zone. Overfire air will be injected at 
high velocity for good furnaffi gas mixing above the 
reburn zone to insure wmplete combustion. Shawnee 
Station is reprMcntative of a large portion of boilers in 
TVA’s and the nation’s utility operating base. 
Micronized wal reburn technologv compares favorably 
With other NO. control technolcgies and yet offen 
additional performance benefits. This paper will focus 
on micronized foal reburn terhnology and the pkns for 
a f u l l - d e  demonstration at Shawnee. 

INTRODUCTION 

According to rcwnt industry studies, 44 percent of the 
nation’s wal-lired plants will have seen their 30th 
birthday by the hun of the century. Older fossil plants 
typically have the following operating characteristics, 
and many of thex conditions lead to high NO. 
production: 

highcxeesgair, 

deteriorating coal fineness, 

poor control of sewndary air, 

mill capacity limited from coal switchiag. 

poor hun-down ratio, and 

cyclic duty operation. 

TVA has a high boilcr population that falls into this 
category, yet demand upon this cxktbg f d  
generating capacity continues. Therefore, TVA has 
inmtigated methods of reducing NO. while i m p r e  
overall boiler performance. 

A substantial database has been developed in the 
reduction of nitrogen oxidcs (NO3 by various 

mmbnstion modifidons both here and abroad. 
A m a t e  wntrol of coal particle fineness and air fnel 
ratios arc earential ingredients in their suwes. The 
purpose of this projcd is to demonstrate the 
effectivcnesb of micronized coal (80 percent lcsJ than 
325 mesh) wmbmed with an advanced coal reburning 
technology. 

Up to 30 perffint of the total fuel fired in the furnace 
will be micronized coal. This fuel will be injected into 
thc upper region of the furnace, creating a fuel-rich 
wae at a stoichiometry of 0.8 to 0.9. C v e h  air will 
be injceted at high velocity for good h c e  gar mixing 
above the reburn zone, insuring an oxidizing zone for 
an overall furnace stoichiometry of 1.15 (- air of 
15 percent). Micronized coal reburn technology 
reduces NO. emissions with minimal furnace 
m&cations and enhances boiler performance with the 
improved burning characteristics of micronized coal 
(Fw 1). 

The addition of the reburn fuel into the fiunace solves 
several problems concnrrently. Units that are mill 
limited now have sufliaent fuel capacity to restore their 
Lost capaaty. Restoration of lost capacity, aa a benefit 
to NO. reduction, bewmes a very ewnomical source of 
power generation. Reburn burners can also serve as 
low-load burners, and units ean achieve a turndown of 
B1 without wnsuming expensive auxihy  fuels. The 
combination of micronized foal reburn fuel and bettcr 
p u l v e h r  performance will increase unit performance 
by incrcaSing carbon burnout. 

Micronized coal reburn technology can be applied to 
cyclone-fired, wall-fired and tangentially-fired 
pulverized foal units. The overtire air system can also 
be easily adapted to incorporate in-furnace sorbent 
i n j d o n  for SOz controL 

A baseline t a t  profile of the hunaffi, along with 
furnace flow and computer modeling, will be conducted 
prior to the design and installation of the MicroMilP 
systems and micronized coal injcdor/burners. An 
exI& test program will document performance 
during a thrcGyzar operational period. 

DOE CLEAN COAL TECHNOLOGY 
DEMONSTRATION PROGRAM 

The Clean Coal Technology Demmtration (ccr) 
program is a multibillion-dollar national commitment, 
cost shared by the government and the private sector to 
demonstrate cumomic and environmentally sound 
methods for wing our nation’s mast abundant energy 
IWUI~~, coal. The program will foster the energy- 
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efficient usc of the nation's vast coal resource base. 
The program will mntriiutc sigoi6cautly to the bog- 
term energy security of the United States, further the 
nation's obj& for a d- envirOnmeot and 
improve its competitive standing in the international 
eoergy market 

The obj& of the CCT is to demonstrate a ocw 
gemation of innovative coal utilization processes in a 
s%h of 'showcase' facilities built aaMs the country. 
Thc program taka the mast promising of the advanced 
coal-bascd tedrnologicd an4 ow the oext decade# 
m o w  them into the commercial marketplace through 
demonstration. These demonstrations are on a scale 
large enough to generate all the data for dcsigo, 
construction and operation that are n- for the 
private mor to judge their commercial potential and 
make ioformd codidcnt decisioos on commercial 
ICadiOW. 

DOE selected TVA's micronized coal reburning at 
S h a m  as one of the ninc projeds to be 
demonstrated under Round IV of (33. Since NO. and 
SO, have been designated by the 1990 Qcan Air Act 
Amendments passed by the US. Congnss as 
precursors of a a d  rain preapitatioq controllhg NO. 
has presented ehallcogiog probIems in achicviag a low- 
eost retrofit control system. To date, there have bwn 
several methods used to reduce NO,; however, each has 

' some disadvantages. Low NO, burners have been fairly 
s u m  but may not provide sufficieot redudion by 
themselves. Gas reburning also bas bwn succcsfd, 
but it requires a steady supply of gar at a IcBsooable 
cost. Coal reburning shows promise in providing a NO, 
control system wbich can be readily retrofitted and 
operated at low cost. Coal reburning docs not rquire 
external modhications to the flue gas dud system mr 
does it rquirc major modificatons to the boiler or a 
separate typc of reburn fueL In fa4 mal reburning 
may help same powr producers who have had to 
derate theii uoit due to mal .W;tcbiog that was 
implemented to meet SO, reduction rquiremenka 

sne 

Sne Desdptlon. The hmt site will bc onc of Units 
1-9 at TVA's Shawnee Fossil Plant which was built to 
help meet the huge deehic power rquirements of a 
nearby DOE facility. Construction began in January 
1951 and was completed in 1956. 

Units 1-9 are 175 MWe (gross) f i a t  wall-fired, dry- 
bonom hvnacw burning East Appalachian lowaulfur 
eo& The p h t  was o@ioaUy desiped to burn high- 
sulfur foal, but in the 1970s. the plant was modified to 
bum low-sulhu coal in order to meet an emission limit 
of 12 lbs. SO@ Btu of heat input without the use of 
any sulfur dioxide control technology. Each unit bas 
been equipped with a baghouse. to control particulate 
emirrions. Flue gas from each unit discharges to one 
of two r n f o o t  stack& also conshudcd in the 1970s. 
The nine existkg pulverized coal units are 
representative of a large number of wall-fired units in 
the industry which will be required to reduce NO. 
emissions in rwpose to the 1990 Clcan AL A& 
Amendments. 

coal Acquisnlon 
TVA has contracts in place to supply Shawnee with 

Vi@. These coals will be used as the primary fuels 
low-sulfur bitUmin0~~ eoala from Kcntudcy and West 

for the pr* TVA bas -ducted tcst bums of 
western coals such as Powdcr River Basin (PRB) at a 
number of sites, indudiog Shawnee, &U the b e  
19708. PRB mal willbe obtaioed for testing duriagthis 
demoostration. 

REBURN CONCEPT 

c-pt operauon 
M i a d  mal reburning for NO. umtrol still 

opcratc in the same maoner as natural gas reburniag 
on coal-tired boilers. In effect, the entire h c e  
operates as a low NO. burner. The d t i o g  bumers 
shall be opekted at a lower than normal stoichiometric 
ratio, with s p e d  attention being applied to fuel/& 
cootroL Miaofine coal with a surface area of 31 
m ' / p  is fired substoichiometrifally. in a reburn moe 
a b  the top row of the existing burners. Oxidation of 
high-surface-area miaoniwl coal consumes oxygen 
very rapidly, converting NO. to molecular nitrogen. 
NO. conversion rquircs a residcna time of 0 5  to 0.6 
sccoDds. A h  the reburn m e ,  high velocity overfuc 
air will uniformly mix with the substoichiometric 
hvnaac gas to complete combustion, giving a total 
excess air ratio of 1.15. This concept should reduce 
NO. cmissioms 50 to 60 perccnt from current levels of 
0.82 to 0.95 Ibs/lo6Btu to an emission level of 033 to 
0.48 bs/lo6stu. 

The pmposcd pmjed wiU demonstrate the 
effcctivcness of redwing nitrogen oxide emissions with 
an advanced coal reburning tecboology utilizing 
micronized cod. This technology can be applied in 
new as well as existiq pulverized coal-fired h a e e s .  
Thc coal used in reburning can be the same coal as 
used in the main fuel burners. A schematic of this 
system is show in F w  1. In addition, this reburn 
"hnology cau be m m b d  with various sulfur dioxide 

sorbent injedion or othu posteombustioo technologies. 

The addition of MicroMi systems will inaease total 
heat input and will allow dassifer settiogs on exishg 
puhwizem to be adjusted for improved fineness, 
relating directly to combustion efficiency aod lower 
Loss on Igoition WI). Stoichiometry in the lower 
h c e  is maintained at 1.05 (5.0 percent cxccss air) to 
assure an oxidiziog znne and minimizC da&og and 
corTo6ion. The stoichiometry at burner level 5, the 
reburn level is 0.8 to 0.9; and with the addition of 
omdire air at level 6, the h a  will have an &thg 
stoichiometry of 1.15 (15 percent excess air), compared 
to the N m n t  operating condition of 121 (21 percent 
exces air). Thus, the miaonized coal reburn system 
not only reduccs NO. Cmissions but also improves 
boikr efiicieoq and haeases boiler capacity. 

(SO3 wokol technologies such as fuel switchin& dry 

Pmcess Advantage9 
a recognized e f f d v e  tecboology for 

cootroUing NO. emissionS in a pulverized coal-fired 
boiler, h m r ,  most of the reburning activity to date 
bas bcen with natural gas or oil as the reburn fuel. 
Thc following ahantages of micronized coal rebumkg 
for NO, control compare favorably with other NO, 

Reburning 

wntrol technologies. 

Disadvantages of natural gas and oil. Both ~ k a l  
gas and oil ham been demonstrated to be effedin 
rebumiog fuclr; however, they are subjed to one or 
more of the following diradvaotaga 
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availability, especially in winter, 

uastable/cscalating fuel cost, 

operational problem 6ring dual fuels, and 

reduced boiler efficiency due to hydrogen in fucL 

Micronized foal as rebum fuel, even with the 
additional coal handling and micronization cost, is a 
QIst effective alternative to gas and oil due to the 
substantialiy lower fuel cost and elimination of 
problems asMdated with gas and oil 

Fiexibility: The technology is flexi%le enough to 
combinc with other NO, mntrol technologies and 
reduce NO, emissions to required lower level% 

Site specific benefik 

reduced energy replaament costs due to 
improved ability to operate at a rated load, even 
with wet coals and/or equipment problems 
(mills, f d r s ) ,  

reduced capacity costs due to inueased power 
generation, 

i n c r d  fuel flexiiility doming use of LowEr 
quality coals while mitigating &ratings caused by 
fuel handling limitations, 

the ability to operate cxkting pulverizerx at 

will improve coal tineness and pcssibly r e d u a  
unburned combustible in ash, thus increasing 
value of the ash as a marketable commodity, 

improved turndown and stability at low loads 
without hing supplemental fuels and maintaining 
superheater outlet temperatures at low loads, and 

knowledge gained from this demonstration can 
be used to scale up the micronized coal rebum 
technology for installation on TVA’s M e n  P o d  
Plant (330 MWe cyclone ijred). 

reduced throughput without loss in unit capacity 

NO, Control Strategy 
A majority of the 3W,LXXl MWe generated by coal- 

tired utility units will be impacted by the 1990 Clean 
Air Act Amendments requiring redudion of NO. 
emissions. It is unlikely that one NO. control method 
will meet the ne& of this diverse boiler population. 
NO. control strategies fall into two major categories: 
combustion modification and postcombustion 
technologies. 

Combustion mdicat ion  includes low NO, burners, 
reburning and fuel air staging. The postcombustion 
options are Selcdive Noncatalytic Redudion (SNCR) 
uskg reagents such as ammonia or urea and Selective 
Catalytic Redudion (SCR) using both reagent 
injedions and catalysts. 

In scleaiOg a NO, control strategy for a given unit, 
utility engineers must weigh many factors including the 
Iypc of unit, operating requirements and unit deign 
ratings versus current operating capabilities. Most 
utilities will probably selcd some form of combustion 
modification as their preferred NO, control methods. 
Many utilities, already familiar with pulverized coal 

burners and burner management systems, will elect to 
install low NO, burners as the method of controlling 
the combustion proass. 

There is, however, a large population of utility boilers 
for which reburning is an attractive option. Wet 
bottom furnaces such as cyclones and some wall-fired 
furnaces that operate in a slagging mode are obvious 
choices for reburning, and the addition of a micronized 
foal reburn sy&em can be utilized in such diverse 
applications as start-up, low-load operation and 
matoring lost capacity. In addition, units that operate 
at very low loads for long periods of time, units that are 
relegated to cyclic duty and units that have pulverizer 
load Limitations resulting from fuel switching are all 
very good candidates for microaiwt coal reburning as 
a primary NO. control method. 

SUPPORTING ACTMnES 

While the micronized coal reburn system is in a state 
of technical readiness for full-scale demonstration, 
there will be several supporting adinties to insure a 
high degree of s u w s  for the demonstration. Among 
thcsc adinties are furnace cold-flow and computer 
modeling. The modeling will be conduded in the first 
phase and will provide even huthez evidence of 
adequacy, availability, suitability and quality of the data 
and analysin to support the full-scale demonstration. 

Diagnostic tests will be conducted to determine 
temperature and velocity pattern in the hunaa, 
supplementing similar previous tests in another unit at 
the plant With different burner registers. Boiler 
performana tests will aL0 be conducted providing flue 
gas flow rate, gas composition and unburned 
combushiles. These tests will be used to initiate 
prelimiaary dcsign of the reburn injedorfiurners and 
overfire air nodes. A cold-flow model will be built to 
simulate the existing burner windbox assembly, burners 
and air registers as well as the furnace flow repime, 
including the lower and upper hvnacc past the furnace 
nose and into the convection section. This flow model 
will permit determination of the number and location 
of both the reburn injedorfiurners and overfire air 
nodes. With the cold-flow model wdsting windbox, 
burner and hunace flow patterns can be observed. In 
addition, the model will provide an easy, convenient 
method to vary the number and location of the rebum 
injedorfiurners, overfire air windbox and nozzles to 
assure dispersion and mixing of the m i c r o n i d  coal in 
the reburn zone and the overfire air in the burnout 
zone. The cold-flow model will also be available during 
Phase 3 of the test program in the event MY tine tuning 
of the reburn system is required. The computer 
modeling of the h a  will p r o ~ d e  not only screening 
for the cold-flow model but also predict reburn system 
performance on the furnace and boiler as well as the 
effect of heat release and mixing in the reburn zone. 

Once the flow and mixing characteristics have bcen 
determined from the modeling activities, the reburn 
injector/rebumer will be selected or designed. The 
design will accommodate the unit’s flow characteristics 
while achieving loeal mixing of the micronized coal-air 
stream from the injector to achieve combustion at a 
prescribed fuel-rich condition (OS stoichiomeby) for 
reburn operation and at normal fuel-lean conditions for 
start-up and low-load boiler operation. 
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MICRONIZED COAL TECHNOLOGY 

Technology Descrlptlon 
The technology descn’bcd in this paper is a 

combination of a technology that produces micrefine 
coal reliably and emnomically with a known NO. 
control technology (fuel reburning). When micronizcd 
coal is hed at a stoichiometry of 0.8 to 13 
devolatilization and carbon conversion cccu rapidly. 

Micronized mal is defined as a coalground so the 80 
percent of the coal partidcs are 43 microns or smaller. 
The MicroFueP system, consisting of the McroMill 
and an external dayifier, micro& coal to a particle 
range of 10 to 20 microns. 

The combined surface area of just one gram of 
micronized coal particles is 31 quare meters, 
contrasted to a surface area of 2.5 square meters per 
gram for standard-grind pulverized coal. 

The MicroMiU system is a patented centrifugal- 
pneumatic mill with the replaceable rotating impeller as 
the only moving part. Si reduction is accomplished 
by the particles themselves skrikhg against one another 
as they whirl in a tornado-lile column of air inside the 
MicroMiU. Centrifugal force retains material in the 
cone and Rotational Impact Zone (RIZ) as the 
particles reduce in size prior to b e i i  conveyed by the 
air stream entering the center of the rotating impeller. 
figure 2 is a aeCtional new of the McroMill, and 
F w e  3 is a cutaway view of the MP-3018 MicroMill. 

Material entering the impeller is wept out of the 
MiaoMill to the classifier, which separates particles by 
s k .  Micronized coal particles below 43 microns are 
discharged diredly to the burners, and larger partides 
are returned to the MicrohU for huther sizc 
reduction. F w e  4 is a dimensional elevation of a 
complete MicroMill system. 

The net result of micronized coal as a reburn fuel is 
a uniform compact combustion envelope allowing for 
complete combustion of the coal/air mixture in a 
smaller volume than conventional pulverized coal 
Heat rate, heat flux, carbon loss and NO, formation are 
all impacted by coal fineness. 

ENVIRONMENTAL ASPECTS 

With the exception of signilicant reductions in NO, 
emission, the environmental impact of the proposed 
project is inconsequential. 

Shawnee currently burns low-sulfur Appalachian mal 
(1.195 lb. SO,/lobBtu). Lower-sulfur wcstern mal (035 
Ib. SOJlObstu) will be burned briefly ~h part of the 
demonstration During that period, SOx emissions will 
be further reduced. The use of castern low-sulfur coals 
with reduced hdability has made the exkting 
pulverizers marginal. Equipment problems or wet coal 
will result in huther derating of the unit. The 
introduction of micronized coal reburning as an 
additional fuel will allow Shawnee to overcome mill 
limitations and operate at somewhat higher capacity 
factors. 

No significant changes in the emissim of greenhouse 
or air toxic8 are projected. A minor increase in 

emissions of CO and hydrocarbons may occur at times 

during the demonstration as parametric testing may 
OccasionaUy result in slightly l e s ~  than complete 
combustion Howcv~r, existing pollution contml 
equipment should be able to maintain emission levels 
within regulatory Limits. Emissions monitoring will be 
performed to insure continued compliance. 

No new waste products will be generated by the 
micronized coal reburn process, as no reagents 
utillcd. Existing requirements for fly ash and bottom 
ash dispcd are expected to remain constant. Current 
water usage by the unit averages 3.1 million gallons per 
day for ash sluicing, and no change is projeded for the 
demonstration. Average fly ash particle size will 
decrease slightly, but existing baghouscs will effidently 

ny asb. 

PREOPEFUTIONAL AND OPERATIONAL 
TESTING 

Reoperational testing will be conducted to include 
baseline data aquisition and characterization of 
cdsting and newly designed components. Parametric 
testing will document the effect of the following reburn 
system variables: 

primary burncr mne stoichiometry, 

reburn mne stoichiometry, 

final @urnout m e )  stoichiometry, 

reburn mne momentum, 

micronized coal consumption in the reburn zone, 

reburn fuel particle size, 

loa4 

mal composition reliability, and 

boiler load response. 

AU Continuous Emirsion Monitor (CEM) and boiler 
operation signals which can be efficiently monitored in 
real time will be diredly stored on disk. The database 
will permit ready and efficient reduction and analysis of 
the data, both during execution of the program and 
during final analysis and evaluation. Jnformation from 
the 10%-term test will permit evaluation of system 
efficiency and reliability under actual operating 
conditions. Also, the extended operating period will 
provide data for projecting economic impacts. 

CONCLUSIONS 

TVA has a strong history of leadership in the 
dmlopment of new and emerging technologies and the 
performance of successful R&D programs. TVA 
beliew that this nitrogen oxide emission control 
technology shows promising benefit to its own system, 
as well as the utility industry in general, since it is 
taking a leadership position in sponwring a micronized 
mal reburn demonstration. 

\( 
The combination of micronized coal supplying up to 

30 percent of the total furnace requirements and 
reburning for NO, control will provide flexibfity for 

\. 
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s w 1 m t  envkonmental improvement without adding 
higher operating costs or hvnaoe pfomancc 
deratings n a m d y  associated with environmental 
controls. 

By meeting the objccrivcs of this impoaant coal 
reburnins projca, d will be shown to be its own bcst 
friend in controlling NO. emisrions and providing 
cConOmid power to the public sell into the futun. 

This repon was prepared by .Fuller Poww 
Corporation pnrsuant to a coopwatrvc agreement 
funded by the US. Department of Energy and TVA; 
and neither the Tennessee Valley Authority or any of 
its subeontractors or the US. Department of Energy, 
or any person a& on behalf of either: 

makes any warranty or representation, cxprcs~ or 
implied, with respcct to the accuracy, complctencss, 
or usefulness of the information contained in this 
report, or that the use of any information, 
apparatus, method, or procless disclosed in this 
report may not infringe on the privately-owned 
rights; or 

assumes any liabilities with respect to the usc of, or 
for damages resulting from the use of, any 
information, apparahy method orprocess disclosed 
in this report. 

Reference herein to any s e e  commercial produd, 
proccss, or scmcc by trade name. trademark, 
manufacturer, or othemise. docs not ncwsarily 
constitute or imply its endomment, recommendation, 
or favoring by the US. Department of Energy. The 
views and opinions of the authors c x p r d  herein do 
not neccsady state or Acct those of the US. 
Department of Energy. 

The American Society of Mechanical Engineers shall 
not be responsible for statements or opiniom advanced 
in this papcr. This paper, number %JF'GGFACT-lO, 
was presented at the Joint ASME/IEEE Poww 
Generation Conference in Kansas Cjty, Kansa8, 
Odober 1l-D,1!393. 
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